The article will review the literature of updated neuroscientific research in order to gain insights into the centrality to critical reasoning of creativity (understood as creative thinking, including the impulsion of imagination and wonder). Furthermore, it will explore literature that testifies to the credentials of moral education in facilitating the forms of creativity associated with the development of critical reasoning, as suggested by the insights of neuroscience. Finally, the article will review the literature related to earlier empirical evidence of the crucial role that moral education can play in facilitating creativity, imagination and wonder.
Introduction
The study design is a literature review aimed at eliciting evidence of new directions in education concerned with the central role of creativity, wonder and imagination in facilitating critical reasoning of the kind that impels educational achievement. Furthermore, it appraises literature that illustrates the potential of moral education to contribute to the development of creativity, wonder and imagination and to empirical evidence of this development. It begins by contextualizing current educational thinking that points to the creativity/critical reasoning link as evidenced in recent documentation in Australian education.
Neuroscience: Literary Evidence of the Centrality of Creativity
The findings of neuroscience have become more certain with the advent of advanced technology capable of tracing and digitally representing activity within and among the fibres of the brain (Srinivasan, 2007; Jensen, 2008; Raichle, 2009; Friston et al., 2011; Meltzoff et al., 2009) . These images confirm the nexus between activity more traditionally understood as cognition and the array of activities concerned with a range of other neural responses (Narvaez, 2010) . Furthermore, these findings have been brought into a direct relationship with matters concerned with education, be it in its foundations, pedagogy or curriculum (Varma et al., 2008; Rosiek & Beghetto, 2009; Immordino-Yang & Faeth, 2010; Dommett et al., 2011; Hille, 2011; Immordino-Yang, 2011; Lovat et al., 2011; Schrag, 2011; Clement & Lovat, 2012) .
Within the array of neuroscientific data, there are particular elements that highlight the crucial nature of creativity for normal brain development, and most especially as a necessary facilitator of the type of critical reasoning ability most essential to effective learning. Doidge (2009) asserts that the findings of updated neuroscience have shifted fundamentally our conception of what the brain is and how it functions from one that sees it as 'hardwired' to one that is "plastic". By this, he means that we now know the cells and fibres in the brain to be so malleable as to be readily amenable to both external and internal influences. Experiences of joy, grief, love, hate, encouragement and discouragement will all impact on the way the brain functions and, over extended periods, how the brain grows and develops-or not. Similarly, Sajjadi (2008) argues that recent neuroscientific evidence renders the traditional notion of the "brain as machine" as quite inadequate if education is to optimize the potential for learning. Rather than seeing the brain as mechanistic and arborescent (or "tree-like"), we need to work on the conception that it is dynamic and rhizomatic (or "root-like"). Instead of the seemingly static tree, the brain is more like the ever-growing and expanding roots, influenced by the experiences to which the growing person is subjected, especially in the early years of development (Narvaez, 2013) .
According to Narvaez (2010 Narvaez ( , 2013 , the ramifications for educators rest with their capacity to impact on the brain's development through the kinds of content, curriculum and pedagogy they employ. Furthermore, the brain is so complex, with every element impacting on every other element, that learning must be a multivariate and enriching experience for students (Immordino-Yang & Faeth, 2010) . If learning challenges are all premised on the notion of the brain as "hardwired" and "mechanistic", being simply able to receive information, process and regurgitate it as required, then education has the potential to be a negative and even damaging process for students, especially for those not so well equipped to deal with simple reception, processing and regurgitation (Immordino-Yang & Damasio, 2007) . Not only can their self-esteem be damaged but, according to the assumptions of neuroplasticity, their brains can fail to grow in line with their potential (Doidge, 2009) . Narvaez (2008 Narvaez ( , 2010 Narvaez ( , 2013 Narvaez ( , 2014 takes the case further in the pivotal role she assigns to creativity as providing for the emotional stability that is essential to sound and critical reasoning. Herein, she employs updated neuroscientific evidence around the role of the pre-frontal cortex of the human brain, showing it to be its most evolved and distinctive feature. Especially in the context of a caring and nurturing environment, neural activity associated with imagination is the key to establishing the emotional regulation necessary to the forming of effective decision-making and problem-solving. In turn, the self-confidence that results from such decision-making and problem-solving becomes the basis of ongoing critical reasoning, and indeed of learning. A caring and nurturing environment is essential, but not sufficient, for this to occur. What is also needed is the guiding hand of efficacious pedagogy. Narvaez makes use of McGilchrist (2009) in identifying with some precision how the right and left hemispheres of the brain function, the left being more associated with rationality and the right with affectivity. Narvaez (2013) clearly, and perhaps surprisingly, associates creativity principally with left brain activity, with the neural capacity to abstract, reflect, self-reflect and problem solve. It is, in this sense, the key to unlocking the potential of critical reasoning to drive new learning. In her most recent work, Narvaez (2014) also links this aspect of creativity to a broader vision of flourishing for the human person, claiming that while modern, mostly Western, understandings of creativity have tended to concentrate on 'detached imagination focused on technical manipulation and innovation (p. 245). Narvaez claims that a more holistic understanding of human flourishing, which emphasises humankind's relatedness to the natural world, along with moral values such as generosity and compassion, is better positioned to allow for the full functioning of the human brain and, correlatively, its capacities for creativity.
We conclude this section of the literature review by referring to an array of prominent literature that captures the healthy scepticism that exists among educational researchers about the capacity and/or appropriateness of neuroscience being applied to education. Snook (2012) proposes that he is not opposed to scientific appraisal of education and that elements of neuroscience may well have something to offer but that we need to differentiate "good science" from fads and "neuromyths", among which he includes the notion of "left and right brain thinking". Weisberg et al. (2008) confirm the potential mischievousness of "neuromythology" through an empirical study that illustrated the "allure" of reference to neuroscience, even when irrelevant to the issue at hand, on the perceptions of study subjects, most especially non-expert subjects. Bruer (1997 Bruer ( , 1998 Bruer ( , 2006 has gained a reputation as an arch-sceptic of neuroscience's relevance to education, arguing that the applications made are too often over-simplified links from biological evidence to the very different field of teaching and learning. He argues that the missing link in effective application is psychology and that, without its filter, many of the arguments proffered for neuroscience's implications for the practicalities of education are unfounded.
This authorship remains aware of the debate about and the contentiousness about the limitations of neuroscience for educational application (Clement & Lovat, 2012) but, importantly also notes the many neuroscientists and educational psychologists, as illustrated above, who argue for and have achieved reputable empirical studies that seem to confirm the applicability of neuroscience's insights to education. This authorship makes no claim to scientific expertise but has proffered its own view that, regardless of the scientific argumentation one way or the other, the insights of neuroscience can be useful as metaphorical devices for analysing educational practices (Fleming & Lovat, 2015 in press). Furthermore, it has written refereed work, including elements of its own empirical work (Fleming & Lovat, 2014) that illustrates how such devices can be useful in education, especially in negotiating teaching and learning in challenging multicultural, multi-value contexts. In a word, we believe the authorship has demonstrated the creative potential of neuroscience insights being applied to educational thinking in a way that is particularly pertinent to the purpose of this article.
Creativity, Imagination and Wonder
The article now expands on the literature review to incorporate a wider array of scholarship that has made use of neuroscience insights in proffering the crucial nature of imagination and wonder, as artefacts and extensions of creativity, in developing critical reasoning. While the three capacities connoted by creativity, imagination and wonder might be regarded as either insufficiently alike to be lumped together or so alike as to be unnecessarily separately named, we argue that the abovementioned updated neuroscientific evidence on which we rely shows that, on the one hand, they complement and complete each other in a particularly rich way but, on the other hand, that they each denote a facet of the evidence that justifies their being seen as synergistic but separate skills.
Jordan and Carlisle (2013) refer to creativity as "a conceptual ability to come up with new ideas that are surprising, yet intelligible" (p. 7). The earlier work of Dietrich (2004) utilized updated neuroscientific evidence in forging the links between creativity and intelligibility, showing that, especially when creativity is impelled by deliberate control (such as in a formal learning situation), it stimulates the pre-frontal cortex and, as identified above, it is the most developed and distinctively human part of the brain, the part on which critical reasoning relies most fully. Further research seems to confirm Dietrich's earlier work in this regard. Srinivasan (2007) employed EEG data in illustrating that creative tasks utilized the pre-frontal cortex, especially when related to "… effortful problem-solving tasks" (p. 109). In this sense, creativity can be seen to be a regular but vital component of intelligibility. Wegerif et al. (2010) went further in using artificial intelligence pattern matching techniques to show that creative activity could be coded and read by using more established critical thinking codes. Their work again underlines the synergy to be found in brain activity between creativity and critical reasoning.
In her 'Triune Ethics Theory' (TET), in essence a theory drawing on and directed to moral education, Narvaez (2008 Narvaez ( , 2013 ) also focuses on activity in the pre-frontal cortex necessary to the development of sound, critical reasoning, labouring the crucial part played by imaginative thinking in stimulating the left brain formation that is essential to the development of such reasoning. It could be argued that Narvaez might as well have used the language of "creativity", rather than "imagination", in this theory because the two words appear virtually synonymous. By utilizing imagination, however, Narvaez is able to explore a variant of neuroscientific research which delves even further into the workings of the brain and the similarities to be found between creativity and critical reasoning, while also making use of some of the more extended evidence of enriching by the former on the latter.
Imagination has been found to be a particularly important focus for neuroscientific research aimed at identifying the fine-tuned similarities and differences between creativity and intelligibility, as normally understood. Hassabis et al. (2007) , for instance, used advanced brain scanning technology to trace similarities and differences in pre-frontal cortical activity between imagined fictitious experiences and episodic memory. In terms of the essential commonality of scene construction, there were 'remarkable similarities' in the effect on the prefrontal cortex. This finding in itself underlines an aspect of the synergy between creativity and intelligibility and offers clues to the educator about the vast and too often untapped potential for imaginative thinking to stimulate critical reasoning related to real-life experiences and dilemmas. Hassabis et al. (2007) also point to the likelihood of other brain functions coming into play that discriminate between imagined fictitious experiences and episodic memory, a notion that adds even more value to imagination as an educational strategy, not least in an era that tends to privilege rationality and empiricism over creativity. Combining Hassabis et al. with Doidge's (2009) "rhizomatic" brain notion, it would seem that neuroscience is pointing to creativity as a distinctively powerful way in which the full functioning of the brain can be effected. Furthermore, we can see that through the use of the notion of imagination and imaginative thinking, this insight into creativity's potential can be strengthened. We will show below that, especially in the application of her thinking to moral education, Narvaez's use of imagination allows her to explore profound and unlikely dimensions of creativity, including potentially negative and quite destructive ones that would have stretched the normal meaning attached to the word and would go beyond the evidence, at least within the ambit of neuroscience.
Just as imagination adds value to the concept of creativity, as above, so the same can be said of "wonder". Bulkeley (2005) , in The Wondering Brain, employs updated neuroscience to speak of the full range of emotions attached to those creative moments when something entirely new happens to one's intelligibility, powers of insight or what we refer to simply as critical reasoning. Bulkeley chooses to speak in this context of "wonder", which she defines as "… feeling excited by an encounter with something novel and unexpected, something that strikes a person as intensely real, true and/or beautiful" (p. 3). She points out that wonder has often been associated with the religious and moral traditions but that experiences of wonder have been "… crucial but unappreciated inspirations for … scientific progress and technological innovations" (p. 3). Why is this so? Bulkeley asks, and then answers her own question in the following way:
To feel wonder is to experience a sudden decentering of the self. Facing something surprisingly new and unexpectedly powerful, one's ordinary sense of personal identity is dramatically altered, leading to new knowledge and understanding that ultimately recenter the self. The profound impact … is evident in both the intense memorability of the experiences and the strong bodily sensations that often accompany them. People speak of being stunned, dazed, breath-taken, overwhelmed, consumed, astonished-all gesturing toward a mode of experience that exceeds ordinary language and thought and yet inspires a yearning to explore, understand and learn … where the powerful emotional experience (of wonder) stimulates lively curiosity, knowledge-seeking behaviour and critical questioning" (p. 4).
Bulkeley (2005) makes much use of updated neuroscientific research around pre-frontal cortical activity in making her case about wonder as both an integral dimension of intelligibility as well as possessing potential to disrupt, disturb, de-activate and re-activate regular brain functions in order to stimulate the brain to expand its capacity for reasoning:
The large expanses of association cortex that distinguish the human brain are hyperactivated as radically new input must be processed, upsetting established neural systems and forcing the creation of new ones. In terms of the range and complexity of neural connections, I would propose as a testable hypothesis that wonder makes the brain grow… The capacity to experience wonder is itself a developmental achievement ... wonder as existential surprise becomes wonder as knowledge-seeking curiosity (pp. 198-199) .
As above, we are conscious of the contentiousness that exists around the validity of applications from neuroscience to education and related matters, in the way Narvaez has done (see for example, Haidt, 2010) . We are at the same time buoyed by the overall positive response from scholarship that her works 2014) have received in formal academic reviews (Bielert & Gallup, 2014) , as well as previous evaluations of her approach (Lewis, 2010) . It is similarly the case with Bulkeley's work which, in spite of the hearty debate about neuroscience's potential to inform about practical enterprises, has received very positive academic reviews (cf. Gortner, 2007) . On the basis of such endorsement, we believe it is valid to continue to explore the insights of neuroscience in an endeavour to gain enhanced insight into the potential of creative, imaginative and wondrous thinking to impact on critical reasoning.
The case for creativity, imagination and wonder as complementary in the development of critical reasoning, yet beneficially separable in their emphases and orientations, rests on analyses such as those above. Furthermore, we see, especially in Narvaez and Bulkeley, important references to the moral dimension of the kind of creativity that has potential to facilitate critical reasoning. As such, we wish to explore literature that pertains to moral education as an area of learning with especially strong credentials in stimulating this kind of creativity.
The Role of Moral Education in Cultivating Creativity
As suggested above, Narvaez's concept of imagination as vital to the development of left brain activity leading to sound or critical reasoning is to be found in its most comprehensive form in her "Triune Ethics Theory" (Narvaez, 2008 (Narvaez, , 2013 (Narvaez, , 2014 , a theory about human mindsets premised heavily on the impulsions we refer to as moral motivation and the desired intentions and directions of the enterprise we call moral education. Bulkeley's (2005) work on wonder is also set in the context of knowledge-gathering as an inherently moral enterprise when its goal is to truly extend the mind beyond the known to the new and surprising, for Bulkeley the only goal with capacity to stretch the powers of the brain. One gains a strong sense from these perspectives that the earlier philosophical positions of the likes of Dewey (1916) and Peters (1981) , that all effective education is moral education, have been confirmed empirically in the updated neuroscientific evidence on which we are resting our case for the integral connections between creativity and critical reasoning.
The three mindsets to which Narvaez (2013) refers are safety, engagement and imagination, this latter associated most patently with the pre-frontal cortex of the brain. Despite its uniqueness, the operation of this dimension of the brain is not necessarily a positive thing; it can align itself with a security mindset and issue in 'vicious imagination'; this will most likely result if a person feels fear or insecurity, hence allowing imagination to impel negative thoughts and behaviours and, in turn, rigidifying brain activity. Bulkeley (2005) also notes the potential for fear resulting from the decentering that can accompany the experience of wonder. On the other hand, imagination can be allied with the engagement mindset and result in "communal imagination" (Narvaez, 2013 (Narvaez, , 2014 , a confident and altruistic set of thoughts and behaviours that, among other things, enhances and enriches the growth and development of the brain.
There will be many factors in play that will determine which way imagination is directed, home life being one and the role of the teacher, school and school system being an important other dimension. Whichever social agency, the constant need is for a caring, trusting ambience. Bulkeley suggests of wonder that it requires "… a sufficient degree of safety and security … so that the natural fear of being decentered does not smother the pleasurable creative response in seeking a new center" (p. 199). Narvaez (2014) pushes this point further to critique the whole ambience of contemporary Western society which, she argues, undermines communal imagination in its focus on threat and fear and she posits, instead, a return to the nurturing values of more primal cultures to better facilitate this aspect of human functioning (and in fact all of human flourishing). Both Narvaez and Bulkeley emphasize that it is the caring and trusting ambience, including the key people in any student's life that activates the kind of imagination and wonder that impels the emotional regulation that is essential to problemsolving, knowledge-seeking curiosity and critical reasoning. It is this kind of imagination and wonder that is associated with the capacity to engage in the deliberative and intuitive aspects of interaction and decision making. As such, education which places the value of the student at its centre-that is, a moral education-is best positioned to allow for the flourishing of creativity, imagination, and wonder.
Further to the important link between imagination, effective learning and moral motivation/ education, Narvaez (2013) proffers that communal imagination issues in a personality that "is able to move beyond immediate selfinterest, to conceptualize alternative social systems, think impartially about moral problems, counteract harmful instincts or behave altruistically" (p. 331). Communal imagination is closely aligned with the capacity for empathy, which is itself "a primary force behind moral behaviour" (p. 327). In turn, it is the imagination mindset that gives rise to the higher-order thinking capacities needed "for problem solving and deliberative learning" (p. 327), especially when it comes to critical moral reasoning. In this regard, Eslinger et al. (2009) note that such functions are among the most complex undertaken by the brain because it must draw on more sophisticated neural sources when it encounters moral situations that include novel or ambiguous dimensions. Hence, a case is premised for the crucial conjunction between creativity, critical reasoning and moral education. Furthermore, we believe evidence exists that confirms that this conjunction is beyond mere speculative theorizing. We point now to findings emanating from the moral education venture titled the Australian Values Education Program.
Creativity and Critical Reasoning: Evidence from the Australian Values Education Program
As above, research insights and findings from the neurosciences illustrate the importance of education being holistic in its focus. The learner is a whole person, impelled by cognitive, emotional and social drives, not as separable features but in holistic connection with each other. Narvaez (2013) identifies the vital connections between the caring and supportive learning environment that, together with stimulating imagination and creativity, nurture the emotional regulation essential for sound (critical) reasoning powers to develop. Hence, is seen the crucial importance of pedagogy that places students at the centre of the learning enterprise by establishing encouraging, trusting and caring ambiences of learning and, furthermore, engaging in curricula that stimulate creativity, imagination and wonder. Such environments are those that research has shown to be the most likely to produce sustained and effective improvements in learning (Newmann et al., 1996; Bryk & Schneider, 2002; Rowe, 2004) .
There is now a vast store of evidence from research around moral education that the establishment of such ambiences of learning, together with explicit discourse about moral and values-oriented content in ways that draw on students' deeper learning and reflectivity, has power to transform their patterns of feelings, behaviour, resilience and academic diligence (cf. Hoffmann, 2000; Benninga et al., 2006; Lovat, 2010 Lovat, , 2011 Lovat, , 2013 Lovat & Toomey, 2009; Lovat et al., 2009 Lovat et al., , 2010a Lovat et al., , 2010b Lovat et al., , 2010c Lovat et al., , 2011a Lovat et al., , 2011b Berkowitz, 2011; Nucci & Narvaez, 2008) . The principal research drawn on here as supporting evidence is taken from a range of the core projects that ran under the umbrella (DEST, 2006; DEEWR, 2008) (Lovat et al., 2009) .
and the Project to Test and Measure the Impact of Values Education on Student Effects and School Ambience
Findings from VEGPSP (DEST, 2006; DEEWR, 2008) illustrated that a sound values education program can be a powerful ally in the development of best practice pedagogy, with positive effects being demonstrated across the range of measures, including in terms of academic development. Project reports identified greater reflectivity and strengthened intellectual engagement among students and settling into work more readily and calmly as routine effects of the ambience created when moral and values-oriented considerations were driving the pedagogical approach. Reports also spoke of the enhanced academic diligence that resulted. In most cases, reports of strengthened intellectual understanding pointed not only to improved learning performance but equally to enhanced moral behaviour. This was seen in clear demonstrations of a stronger sense of student responsibility over local, national and international issues, improved relationships of care and trust, greater student awareness of the need to be tolerant of others, to accept responsibility for their own actions and their ability to communicate, with students' sense of belonging, connectedness, resilience and sense of self all being enhanced.
In (Lovat et al., 2009 ), a mixed methods approach in the form of a sequential explanatory design (Creswell et al., 2003) was taken in order to test all of the claims arising from VEGPSP concerning student effects. Quantitative data were collected over two time-periods and analysed, with qualitative data being collected during the second phase and analysed separately to help explain and elaborate on the quantitative results. The qualitative data helped to refine and explain the statistical results by incorporating more detailed information from the perspectives of the research participants. Student, staff and parent pre and post surveys were administered in order to obtain quantitative and qualitative data about the effects of the program on student behaviour, student engagement, and classroom and school ambience. The results of the analysis of the teacher surveys revealed statistically significant improvements on these three measures.
the Project to Test and Measure the Impact of Values Education on Student Effects and School Ambience
The qualitative data also supported the above findings, with many comments from both students and teachers indicating that improved interactions between students had led to more harmonious and productive learning environments in which students were demonstrating greater kindness to each other and taking more care and pride in their work. The teachers observed that giving students more control over routine tasks added to their sense of competence and this appeared to lead to more independent learning and increased intrinsic motivation, impelled by strengthened critical reasoning powers. The teachers reported that students were putting greater effort into their work and "striving for quality", "striving to achieve their best" and even "striving for perfection": Thus, there was substantial quantitative and qualitative evidence suggesting that there were observable and measurable improvements in students' academic diligence, including increased attentiveness, a greater capacity to work independently as well as more cooperatively, greater care and effort being invested in schoolwork and students assuming more responsibility for their own learning (Lovat et al., 2009: p. 6 ).
Consistent with the focus of this paper is the emphasis in the evidence on creativity, imagination and wonder playing a vital role in achieving students' demonstrable improvement in the powers of critical reasoning. In speaking about the enhanced opportunities to deepen reflection and so strengthen learning overall, a teacher wrote:
I now see the need, when I am discussing ideas with children, not just to draw on the children's experience, but rather to extend their understanding of reality. I have a responsibility to provide time and experiences for children to wonder. We need to wonder ourselves. This will help us to understand and improve relationships with others (DEST, 2006: p. 34 ).
In another cluster of schools in which disadvantage was a particular issue, the researcher wrote of the rights of children to respect, care and quality education and, in this context, of the importance of nurturing "… creativity, wonderment (so they could) learn to participate actively in planning for their (own) future" (DEST, 2006: p. 208) .
Meanwhile, one of the researcher "friends" of a cluster of schools utilizing a "philosophy in the classroom" tool for their values education objectives, identified these objectives as "… a school ethos where students have the capacity to exercise judgement and responsibility in matters of morality, ethics and social justice, and the capacity to make rational and informed decisions about their lives" (DEST, 2006: p. 109) . In speaking to the nature of the approach being taken to achieve the objective, the researcher had the following to say about the added value to critical reasoning of creativity and wonder:
Philosophy is often described as a thinking skills programme or a course in critical and creative thinking. While it is true that philosophy for children does improve students' critical and creative thinking skills, calling it a "thinking skills" programme does not do it justice. It does much more as well. Through implementing Philosophy in our respective school sites we aim to build on the students' own wonder and curiosity about ideas that are important to them. The subject matter of Philosophy is those common, central and contestable concepts that underpin both our experience of human life and all academic disciplines … The central pedagogical tool and guiding ideal of Philosophy is the community of inquiry. In the community of inquiry, students work together to generate and then answer their own questions about the philosophical issues contained in purpose written materials or a wide range of other resources. Thinking in the community of inquiry is critical, creative, collaborative and caring (DEST, 2006: p. 109 ).
Conclusion
The article has selected an array of prominent literature in an attempt to capture some of the vital evidence emanating from neuroscientific research about the central role of creativity, imagination and wonder in stimulating critical reasoning. It furthermore identifies moral education as a particularly powerful form of learning in impelling the kind of creativity, imagination and wonder necessary to the development of critical reasoning. Finally, the article points to empirical evidence from the Australian Values Education Program that appears to confirm the case being made.
As evidenced within the article, the authors are conscious of the contentiousness surrounding neuroscience's capacity to inform the practicalities of education, especially in the direct way that proposes biological findings can be ramified to teaching and learning as though no filter is required. We take note of the cautions provided by the likes of Bruer and Snook in this regard. In spite of such important cautions, we nonetheless come down on the side of the weight of scholarship that proffers important insights being generated by neuroscience for educational considerations, including concerned with the role of creativity, wonder and imagination in facilitating the kind of critical reasoning that impels educational achievement. As suggested within the article, we believe that the weight of the literature tends to the view that such insights from neuroscience are at the very least useful as metaphors for re-thinking many of the traditional assumptions about how learning can best proceed.
